The effect of phentolamine on atrioventricular conduction was studied in 6 patients using the technique of recording the His bundle potential. Right atrial pacing was used in order to keep the heart rate constant before and after administration of the drug.
effect was blocked by the previous administration of 5 mg propranolol intravenously, suggesting that the mode of action of phentolamine may be through local release of catecholamines. Our results show that phentolamine improves atrioventricular nodal conduction and has no effect on intraventricular conduction.
Phentolamine, an alpha-receptor blocking agent, has recently been used as an antiarrhythmic agent. Oral administration of phentolamine was effective in abolishing or greatly diminishing the number of ventricular extrasystoles in most of the patients studied by Gould, Gomprecht, and Zahir (I97I) . It was also pointed out by the same authors that in some of their patients phentolamine was successful in abolishing ventricular extrasystoles when other antiarrhythmic drugs like procainamide had failed. The 
Subjects and method
Six patients were studied who already had some degree of conduction abnormality and they were being studied to locate precisely the conduction delay by recording the His bundle potential. Phentolamine was given to study its effect on atrioventricular conduction in these patients after obtaining informed consent. Clinical details of each patient are given in Table i .
Patients were studied in the supine position without premedication. A size 6 bipolar pacing catheter was introduced by percutaneous puncture of the right femoral vein by the Seldinger technique and positioned under fluoroscopic control beneath the septal leaflet of the tricuspid valve to record the His bundle potential. The proximal terminals of the catheter were attached to the electrocardiogram amplifier, and the bipolar His electrogram was recorded at a frequency setting of 40-500 Hz at a paper speed of 200 mm/sec on an Electronics for Medicine DR8 similtrace recorder. A simultaneous surface electrocardiogram lead was also recorded in addition to the His bundle potential. A Zucker bipolar pacing catheter was placed at the junction of the superior vena cava and right atrium for pacing purposes in order to keep the heart rate constant. The His bundle potential, in addition to atrial and ventricular potential, was recorded at identical paced heart rates from iooI6o/minute before and 5 minutes after the slow injection of io mg phentolamine intravenously. The PH interval, denoting atrial, atrioventricular nodal conduction time, and the HV interval, denoting intraventricular conduction time, were determined before and after the administration of phentolamine. The PH interval was measured from the beginning of the pacing stimulus to the beginning of the His potential, and the HV interval was measured from the beginning of His potential to the beginning of the QRS complex on the simultaneously recorded surface electrocardiogram lead. A recording of His bundle potential with atrial and ventricular potentials is shown in Fig. i .
Results
The measurements of PH and HV intervals at all paced heart rates are shown in Table 2 . Phentolamine improved atrioventricular nodal conduction as indicated by shortening of the PH interval at all comparable heart rates in all cases except Case 6, which is discussed in detail below, and had no effect on intraventricular conduction as indicated by absence of any change in the HV intervals ( Fig. 2 and 3 ). a dp/dt (Gould, Zahir, and Ettinger, i969 the height of the alpha-receptor blockade the conversion of a tracer dose of tyrosine 14C to norepinephrine in the heart, brain, and adrenal gland was increased threefold, with no alteration in specific activity of tyrosine in blood and tissues. It was concluded by Dairman from these observations that receptor blockade by phentolamine led to increased synthesis and release of norepinephrine in these 3 organs. Thus increased local synthesis and release of catecholamine could explain the positive inotropic action of phentolamine. The positive inotropic effect of phentolamine has also been clearly shown in acute left ventricular failure due to experimental myocardial infarction in dogs (Hood et al., I97I) . They also showed that administration of propranolol, a beta-receptor blocking agent which blocks the beta-receptor mediated effect of catecholamine, will block t the positive inotropic effect of phentolamine.
The release of catecholamine also explains the improvement in conduction through atrioventricular node, as shown by the shortening of PH intervals in the present study. Phentolamine had no significant effect on intraventricular conduction, as indicated A by absence of change in the HV interval. It has been shown experimentally that sympathetic stimulation or the administration of epinephrine or norepinephrine will enhance atrioventricular nodal conduction (Wallace and Sarnoff, I964 that the administration of phentolamine had no effect on the PH interval since this patient had already received 5 mg propranolol as part of the study of the effect of propranolol on the haemodynamics of hypertrophic obstructive cardiomyopathy. This finding also supports the idea that phentolamine may enhance the conduction through the atrioventricular node by local release of catecholamine, and the action ofreleased catecholamine in Case 6 has been blocked by previous administration of propranolol. Hence both the inotropic and chronotropic effects of phentolamine can be blocked by previous administration of propranolol. The progressive increase in HV interval in Case 4 is not related to the administration of phentolamine. It probably reflects progressive fatigue of the diseased conduction tissue below the His bundle resulting from the increased number of pacing stimuli delivered by the improved conduction through the atrioventricular node after the administration of phentolamine. Another possibility is the spontaneous variation in conduction velocity in diseased distal conduction tissue since this patient had intermittent complete failure of conduction in distal conduction tissue resulting in Adams-Stokes syndrome. A grossly prolonged HV interval in the control recording in Case 4 and Case 3 supports the fact of greatly impaired intraventricular conduction. Both these patients had evidence of bilateral bundle-branch block on the surface electrocardiogram. It has been shown that in some patients with bilateral bundle-branch block when the atrial rate is increased by atrial pacing a delay in conduction in the His Purkinje system occurs which is manifested by further prolongation of HV 
